GLOBALSTAR, L.P.

RESPONSE TO FCC PUBLI C NOTI CE DA 02-554
TECHNI CAL COMVENTS ON CERTAI N PROPCSALS TO PERM T FLEXIBILITY I'N
THE DELI VERY OF COMVUNI CATI ONS BY MOBI LE SATELLI TE SERVI CE
PROVI DERS | N L- BAND, THE 2 GHz BAND AND THE 1.6/ 2.4 Gz BANDS

In its Public Notice, the Comm ssion invited technical
coments on whether the operations of nobile satellite services
(MSS) in the 2 GHz band, L-Band and the “Big LEO bands (MsSS
Bands) can be “severed” fromterrestrial operations in each
band. G obal star denonstrates in the follow ng analysis that it
is not possible to “sever” satellite and terrestrial operations.

The successful operation of an Ancillary Terrestrial
Component (ATC) of a nobile satellite service systemw || be
dependent upon the ability of the operator to nanage the use of
spectrum on a dynam c, mnute-by-m nute basis. Lack of this
ability will lead to disruptive levels of interference to both
the satellite and terrestrial conponents and preclude efficient
spectrum usage.

This analysis first exam nes interference between the ATC
and the satellite conmponent. Coordination of frequency sharing
bet ween the ATC and satellite conponents of an integrated system
controlled by the MSS operator is discussed next. Then,
interference to services co-frequency and in adjacent bands is
di scussed, including radio astronony, nobile satellite,
radi onavigation satellite, nultipoint nultichannel distribution
and instructional television. Finally, comments on the
applicability of Part 24 rules to ATC are provided.

Al though the followi ng anal ysis addresses only the
1.6/2.4 GHz bands in which 3 obalstar is currently operating,
t he techni ques used and concl usi ons reached are equal ly
applicable to the 2 Giz MSS bands.

1.0 I nterference between the Ancillary Terrestrial and
Satellite Conponents

In this section, interference fromATC into M5S and from
MSS into ATC is investigated. The case of ATCinto MSS is
treated first.



Interference from ATC i nto MSS

1.1.1 Interference Mechani sns

For this paper it is assuned that the ATC will be
operating in the existing bands that G obal star uses. The
frequency allocations for Above 1 GHz MSS systens are at:

Eart h-t o- space space-to-Earth

1610 - 1626.5 M1z 2483.5 — 2500 MHz.

The band 1613.8 — 1626.5 Mz may al so be used in the space-to-
Earth direction on a secondary basis.

For this analysis, it is assuned that, in an ATC
situation, all of the frequencies would be used by both the ATC
and the MSS systens. However, the analysis is |imted to CDVA
MSS systens. Interference into an MSS systemfromthe ATC
conmponent can occur as illustrated in the foll ow ng table.

TABLE 1-1
Interference Mechanisns for ATC Interference into an MSS System

Interfering Transm tter Vi cti m Recei ver

ATC Base Station Transmtter MBS Ter m nal Recei ver

ATC Base Station Transmtter MBS Spacecraft Receiver

ATC Term nal Transmtter MSS Ter m nal Recei ver

ATC Term nal Transmtter MSS Spacecraft Receiver

1.1.2 Potential Interference Levels

In order to determne the potential interference into an
MSS system from ATC, it is necessary to assume certain system
characteristics. The foll ow ng tables show t he assuned
characteristics of the ATC nobile and base stations. For this
study, the ATC is assunmed to use cdma2000. These terrestrial
station characteristics are taken from FCC Final Staff Report,



Spectrum Study of the 2500-2690 MHz Band- The Potential for
Accomodating Third Generation Mbile Systens, 30 March 2001.

Table 1-2
ATC System Characteristics
(cdnma2000)
Par anet er Mobi | e Base Station

Carrier Spacing 1.25 VHz 1.25 VHz
Transm tter Power 0.1 W 10 W
Ant enna Gai n 0 dBi 17 dB
Ant enna Hei ght 1.5 m 40 m
Body Loss 0O0dB  |------------
Tilt of Antenna | ------------ -2.5 degs
Access Techni que CDVA CDVA
Dat a Rate Supported 153. 6 kbps 153. 6 kbps
Modul ati on Type QPSK/ BPSK QPSK/ BPSK
Recei ver Noi se Fi gure 9 dB 5 dB
Recei ver Thermal Noise Level

In Bandwi dth = Data Rate -155 dBW -147 dBW

In Recei ver Bandw dth -134 dBW -138 dBW
Eb/ No 4.0 dB 6.0 dB

for 1% FER for 0.3%FER
Recei ver Sensitivity -134 dBW -149 dBW
for 1% FER for 0.3%FER

| nterference Threshold -140 dBW -144 dBW
(Desired Signal @Sensitivity, I/N=-6 dB
and 10% 1 oss i n Range)
I nterference Threshold -124 dBW -128 dBW
(Desired Signal @Receiver Sensitivity =
+10 dB, S/ (1+N) for a BER of 109

I n previous anal yses the threshold of unacceptable
interference for a G obal star nobile term nal has been stated as
—-100 dBm at the receiver antenna output. This value is based on
analysis in the Technical Appendix to the Comments of
Loral / Qual comm Partnership submtted during the “Big LEC
Rul emaki ng (CC Dkt. 92-166). The analysis indicated that cal
di sruption would occur for a received signal level (RSL) of -90
dBm at the output of the handset antenna, and degradati on woul d
occur for a RSL of —-95 dBm

The threshold for unacceptable interference at the
spacecraft receiver has been taken as an increase in the
spacecraft receive noise tenperature, assuned to be 500 K, of
6% This is equivalent to an Interference-to-Noise ratio (I/N)
of —-12.2 dB. This increase in noise tenperature corresponds to
an interference density of -213.8 dBWHz. Using these thresholds



the interference potential for each of the cases shown in Table
1-1 can be cal cul at ed.

1.1.3 Base Station Transmtter into M8S Term nal Receiver

An ATC base station transmtter operating on the sane
frequency as an MSS term nal receiver would represent a
significant source of interference for the MSS term nal. By
their very nature, MSS termnals typically operate at nuch | ower
receive levels than do terrestrial cellular receivers.
Terrestrial receive levels could approach those of MSS term nals
when the terrestrial receiver was operating deep inside a
buil ding. Since terrestrial systens are designed to provide
service inside buildings, their base station transmtters nust
operate at rather high power |evels.

Figure 1.3 illustrates the received interference | evel
froma terrestrial base station transmtter as a function of
separation distance. For this interference case, the received
level fromthe terrestrial base station was cal cul ated using the
Hat a nodel which is given in I TU-R Recommendati on P.529-3 and
the Longl ey-Ri ce nodel from NTI A The Hata nodel is recognized
as depicting typical propagation |oss for terrestrial cellular
systens in dense urban areas while the Longl ey-R ce nodel is
referenced in the FCC Rul es for calculating the coverage of PCS
systens. Note that, according to the Hata nodel, the MSS
termnal nust be 5 kiloneters away fromthe terrestrial base
station before the interference is at an acceptable |level while
t he Longl ey-Rice nodel indicates that the MSS term nal nust be
10 kil oneters fromthe ATC base station before interference is
at an acceptable |evel.



Figure 1-3
Received Signal Level at MSS Terminal from ATC Base Station as a Function of Distanc
Base Station
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1.1.4 Base Station Transmtter into Spacecraft Receiver
If a terrestrial base station transmtter is operating on

t he sane frequency as an MSS spacecraft receiver, unacceptable
interference will be received when the spacecraft is at certain

ranges and attitudes wth respect to the terrestrial base
station. This represents a “reverse band” usage of the MS
frequenci es by the ATC. The ATC handset would be receiving in

the MSS uplink band.

ATC base station antennas would be placed in relatively
high | ocations in order to optim ze coverage to ATC term nal s.

As a consequence, the base station antennas would |ikely

have

unobstructed or nearly unobstructed paths to the spacecraft

receiver. The majority of the power fromthe base statio

n

antenna woul d be directed downward at angl es bel ow the hori zon,




but si del obes of the base station antenna pattern would all ow
sone power to be directed above the horizon and towards the
spacecraft. A prelimnary estimate of the interference from ATC
base stations can be nade by assum ng that the base station
antenna is isotropic (0 dB gain) and that the average gain of

t he spacecraft is 15 dB

The threshol d of acceptable interference is assuned to be
-213.8 dBWHz based upon a DT/T of 6% This is a threshold for
GSO FSS systens but is assunmed here as a typical interference
threshold. A terrestrial base station would produce an EIRP
density of -50.4 dBWHz. Assuming the range to the spacecraft to
be 4481 kil oneters and free space | oss between the ATC base
station and the G obal star spacecraft, the resulting
interference is calculated as foll ows:

| (dBW Hz) Patcss — FSL + Ggc= -50.4 — 169.6 + 15.0
-205.0 dBW Hz

where: Parssis the EIRP density of the ATC base station
transmtter in dBWHz

FSL is the free space loss in dB

Ggcis the gain of the spacecraft L-Band antenna in
dB.

The interference fromone ATC base station is 8.8 dB greater
than the threshold. Miltiple base stations within view of the
spacecraft would increase the interference by 10 | og of the
nunber of base stations.

1.1.5 ATC Termnal Transmtter into MSS Term nal Receiver

For a terrestrial termnal transmtter operating on the
sane frequency as an MSS term nal receiver, significant
interference will be received by the MSS terminal if the two
termnals are close enough to each other. Cellular transmtters
typically have | ower power output as conpared with satellite
termnal transmtters. The power of a cellular term nal can
increase if power control is being used by the cellular system
This represents a “reverse band” usage of the MSS frequenci es.
The ATC handset would be transmitting in the MSS handset receive
(downl i nk) band.



Figure 1-4
Received Signal Level at MSS Terminal from ATC Handset as a Function of Distance from
the Handset
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Figure 1.4 shows the interference received by a satellite
conponent term nal when the sanme frequencies are used for ATC.
It is assunmed that the ATC term nal and satellite conponent
termnal are not within “line-of-sight” of each other. A fourth
power propagation loss is assuned to take into account obstacles
and nmulti-path that could exist between the two term nals. Under
t hese assunptions, unacceptable interference will occur when the
two termnals are within 40 neters of each other.

1.1.6 ATC Terminal Transmitter into Spacecraft Receiver

Since the termnals of the terrestrial systemand the MSS
systemoperate in a simlar manner, except for differences in
transmt power, the aggregation of power from a nunber of
terrestrial termnals could cause unacceptable interference to
t he MSS spacecraft receiver

The threshold of acceptable interference is assuned to be
—-213.8 dBW Hz based upon a DT/ T of 6% This is a threshold for
GSO FSS systens but is assunmed here as a typical interference
threshold. It represents a degradation in Eb/No of 0.25 dB. A
terrestrial handset transmtter would produce an EIRP density of



—-70.4 dBWHz. Assuning the range to the spacecraft to be 1414
kil ometers and free space | oss between the ATC term nal and the
A obal star spacecraft, the resulting interference is cal cul ated
as foll ows:

| (dBW Hz) Parc — FSL + &y¢c= -70.4 — 159.6 + 14.7

-215.3 dBW Hz

where: Parcis the EIRP density of the ATC handset
transmtter in dBWHz

FSL is the free space loss in dB

Ggcis the gain of the spacecraft L-Band antenna in
dB.

The threshold is only 1.4 dB greater than the interference
produced by one ATC handset, thus, two handsets would violate
this threshold. It is noted that the above interference

cal cul ation represents a worst case scenario. Polarization

| osses were not taken into account (2 to 3 dB), the satellite is
directly overhead, and it is assuned that there are no | osses

ot her than free space | oss between the ATC termi nal and the

d obal star spacecraft. The range between the handset and the
spacecraft would vary as a function of |ook angle fromthe
spacecraft as would the gain of the spacecraft antenna. The
overall loss, due to the nmaxi numrange (4481 km) to the
spacecraft conmbined with the antenna gain, results in a decrease
of the interference to -223.1 dBWHz. Assumi ng the optimstic
interference case, where all of the interfering handsets woul d
be at the maxi numrange, the interference fromnine ATC handsets
woul d exceed the threshol d.

The average propagation | oss between the terrestrial
handsets and the spacecraft receiver will |ikely be greater than
free space | oss due to shadowi ng and nmulti-path effects. These
effects have stochastic characteristics. A conplete
characterization of these effects is beyond the scope of this
short analysis. A pessimistic estimte of the average | oss due
to these effects is 15 dB, a factor of 30. Wien this 15 dB is
conbined with free space |oss, the resulting nunber of
terrestrial termnals required to violate the interference
threshold will be between 30 and 270 dependi ng upon the range of
the termnals to the spacecraft. Terrestrial termnals operating
in the open or as vehicular units would Iikely cause nore



interference than a greater nunber of handheld units in a
typi cal operating environnment.

1.1.7 Sunmmary of ATC Interference into MSS

Thi s anal ysis has exam ned the issue of sharing
frequenci es between the MSS conponent and ATC. Four interference
cases, shown in Table 1-1, were exam ned, two using frequencies
in the same “direction” as the MSS systens and two where the ATC
was using frequencies in the “reverse direction.” ATC use of the
MSS frequencies in the forward direction results in interference
fromATC termnals into the MSS spacecraft receiver and
interference fromthe ATC base station into the MSS handsets.
ATC “reverse band” use of the MSS frequencies results in
interference fromthe ATC base station into the MSS spacecraft
receiver and fromthe ATC termnal into the MSS term nal

The | east problematic interference situation is the ATC
handset interfering with the MSS handset. The anal ysis shows
that termnals could be within 40 neters of each other and
operate successfully.

More severe is the interference from ATC handsets into
the MSS spacecraft receiver. The anal ysis indicates that,
prelimnarily, tens of ATC handsets coul d produce unacceptabl e
interference to the MSS spacecraft.

Even nore severe is the interference from ATC base
stations into MSS handsets. The anal ysis shows that unacceptabl e
interference will occur to an MSS handset when it is within 5 km
of an ATC base stati on.

Most severe is the interference froman ATC base station
into an MSS spacecraft. One ATC base station within view of an
MSS spacecraft will exceed the acceptable interference threshold
by a factor of 7.5.

Based on the above, "reverse band” usage of the MsS
frequencies by the ATC would result in the nost severe
interference with “forward band” ATC usage resulting in |ess
interference. The interference caused by ATC to MSS operations
by severing satellite and terrestrial operations would be
unacceptable in either case.

1.2 I nterference fromATC Using | S-95 Technol ogy i nto MSS

This section studies the effect of interference from ATC
into MSS when the ATC systemuses |1S-95 technology. In order to



deternmine the potential interference into an MSS system from an
ATC it is necessary to assunme certain system characteristics.
The follow ng tables show the characteristics of the ATC nobile
and base stations. For this study, the ATCis assuned to use IS
95A. The net hodol ogy used for the analysis is sanme as that for
cdma2000 ATC interference anal ysis.

Table 1-5
ATC System Characteristics
(1S 95)
Par anet er Mobi | e Base Station
Carrier Spacing 1.23 VHz 1.23 VHz
Transm tter Power 0.2 -1.0W 20 W
(Cass I11)
Ant enna Gai n 0 dBi 19 dBi
Ant enna Hei ght 1.5 m 40 m
Body Loss 0dB |-------aaao---
Tilt of Antenna | ------------ -2.5 degs
Access Techni que CDVA CDVA
Dat a Rate Supported 9.6 kbps 9.6 kbps
Modul ati on Type QPSK QPSK
Cut - of - Channel EIRP
>900 kHz offset from -42 dBc/ 30kHz | -45 dBc/ 30kHz
cent er (>750 kHz from center)
>1.98 MHz offset from -54 dBc/ 30kHz |-60 dBc/ 30kHz

center
Recei ver Noi se Figure 5-8 dB 5 dB
Recei ver Thernmal Noi se -102.9 dBm -100. 3 dBm
| evel
I n Receiver bandw dth
Eb/ No for Pe = 1% FER 4.3 dB 4,32 dB
Receiver Sensitivity @1% -104 dBm -117 dBm
FER
| nterference Threshol d -108.9 dBm -106. 3 dBm
(Desired Signal @Sensitivity, |/N=-6
dB)
I nterference Threshold -93.4 dBm -90. 8 dBm
(Desired Signal @Signal 10 dB above
Sensitivity, S/(1+N 1% FER

1.2.1 Base Station Transmtter into M8S Term nal Receiver

Figure 1.6 illustrates the received interference |evel at
an MsS termnal froma terrestrial 1S-95 base station
transmtter as a function of separation distance. Note that the

10



MSS term nal nmust be 7 kiloneters away fromthe terrestrial base
station before the interference is at an acceptable |level. For
this interference case, the received level fromthe terrestria
base station is cal culated using the Hata nodel given in ITUR
Recommendation P.529-3. This nodel is recognized as depicting
typi cal propagation loss for terrestrial cellular systens in
dense urban areas.

Figure 1-6
Received Signal Level at MSS Terminal from ATC Base Station Transmitter as a Function of Distance from the Base
Station
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1.2.2 Base Station Transmitter into Spacecraft Receiver

The threshol d of acceptable interference is assuned to be
—-213.8 dBW Hz based upon a DT/ T of 6% A terrestrial base
station woul d produce an EIRP density of —-47.4 dBWHz. Assum ng
the range to the spacecraft to be 4481 kil onmeters and free space
| oss between the ATC base station and the d obal star spacecraft,
the resulting interference is calculated as foll ows:

| (dBWHz) = Patces — FSL + Ggc= -47.4 — 169.6 + 15.0

-208.0 dBW Hz

where: Parssis the EIRP density of the ATC base station
transmtter in dBWHz

FSL is the free space loss in dB

Ggcis the gain of the spacecraft L-Band antenna in
dB.
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The interference fromone base station is 5.8 dB greater than
the threshold. Miultiple base stations within view of the
spacecraft would increase the interference by 10 | og of the
nunber of base stations.

1.2.3 ATC Termnal Transmtter into M5S Term nal Receiver

For a terrestrial 1S-95 termnal transmtter operating on
the sane frequency as an MSS term nal receiver, significant
interference will be received by the MSS termnal if the two
termnals are cl ose enough to each other. Cellular transmtters
typically have | ower power output as conpared with satellite
termnal transmitters. The power of a cellular term nal can
increase if power control is being used by the cellular system
This represents a “reverse band” usage of the MSS frequencies.
The ATC handset would be transmitting in the MSS handset receive
band (S-band).

Figure 1.7 shows the interference received by a satellite
conponent term nal when the sanme frequencies are used for ATC.
It is assunmed that the ATC term nal and satellite conponent
termnal are not within “line-of-sight” of each other. A fourth
power propagation loss is assuned to take into account obstacles
and nmulti-path that could exist between the two term nals. Under
t hese assunptions, unacceptable interference will occur when the
two termnals are within 50 nmeters of each other. This is the
m ni mum separation di stance required for 1S-95 class I1

termnal. In presence of power control, the ATC termnal wl|l
transmt higher power and the separation distance will increase.
Class | and Class Il 1S-95 termnals will require greater

separation di stance.

12



Figure 1-7
Received Signal Level at MSS Terminal from ATC Handset as a Function of Distance from the
Handset
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1.2.4 ATC Terminal Transmtter into Spacecraft Receiver

Since the termnals of the terrestrial systemand the MSS
systemoperate in a simlar manner, except for differences in
transmt power, the aggregation of power froma nunber of
terrestrial termnals could cause unacceptable interference to
t he MSS spacecraft receiver

The threshol d of acceptable interference is assuned to be
—-213.8 dBWHz based upon a DT/ T of 6% It represents a
degradation in Eb/No of 0.25 dB. A terrestrial handset
transmtter would produce an EIRP density of -67.4 dBWHz at the
m ni rum Assum ng the range to the spacecraft to be 1414
kil ometers and free space | oss between the ATC term nal and the
A obal star spacecraft, the resulting interference is calcul ated
as foll ows:
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| (dBWHz) = Parc— FSL + Gyc= -67.4 — 159.6 + 14.7

-212.3 dBW Hz

where: Parcis the EIRP density of the ATC handset
transmtter in dBWHz

FSL is the free space loss in dB

Ggcis the gain of the spacecraft L-Band antenna in
dB.

This shows that one ATC handset will violate the threshold. It
is noted that the above interference cal culation represents a
wor st case scenario. Polarization | osses were not taken into
account (2 to 3 dB), the satellite is directly overhead, and it
is assuned that there are no | osses other than free space | oss
between the ATC term nal and the d obal star spacecraft. The
range between the handset and the spacecraft would vary as a
function of |ook angle fromthe spacecraft as would the gain of
t he spacecraft antenna. The overall |oss, due to the maxi mum
range (4481 kn) to the spacecraft conbined with the antenna
gain, results in a decrease of the interference to —220.1
dBWHz. Assuming the optimstic interference case, where all of
the interfering handsets would be at the maxi nrumrange, the
interference fromfive ATC handsets woul d exceed the threshol d.

The average propagation | oss between the terrestrial
handsets and the spacecraft receiver will likely be greater than
free space | oss due to shadow ng and nmulti-path effects. These
ef fects have stochastic characteristics. A conplete
characterization of these effects is beyond the scope of this
short analysis. A pessimstic estimte of the average | oss due
to these effects is 15 dB, a factor of 30. When this 15 dBis
conbined with free space |oss, the resulting nunber of
terrestrial termnals required to violate the interference
threshold will be between 22 and 135 dependi ng upon the range of
the termnals to the spacecraft. Terrestrial term nals operating
in the open or as vehicular units would |ikely cause nore
interference than a greater nunber of handheld units.

1.2.5 Summary of Interference fromATC using IS-95 into MSS

The follow ng table summarizes the results of the
interference analysis perforned to consider frequency sharing
bet ween MSS and ATC conponents using 1S-95 air interface. The
tabl e al so conpares the performance of IS 95 and cdnma2000 ATC

14



conmponents. As seen fromthe table, IS 95 conponents w || cause
greater interference into MsSS while sharing the sanme frequency.

Table 1-8
Conparison of Effects of Interference into MSS from ATC Usi ng
cdma2000 and | S-95

cdma2000 | S 95A
Base Station Transmitter [Separation Separ ati on
into MSS Term nal distance is 5 km |distance is 7 km
Recei ver
Base Station Transmitter |Interference I nterference
into Spacecraft Receiver |threshold is 8.8 |threshold is 5.8
dB hi gher. 7-8 dB hi gher. 3-4
base stations w || |base stations
vi ol at e. w il violate.
ATC Term nal Transmitter [Separation Separ ati on
into MSS Term nal distance is 40 m |distance is 50 m
Recei ver
ATC Terminal Transmitter |2 ATC handsets 1 ATC handset
into Spacecraft Receiver |violate the viol ates the
threshold. Wth 15|t hreshold. Wth
dB fading | oss, 15 dB fadi ng
30-270 handsets | oss, 22-135
can be supported [handsets can be
support ed

Interference fromMSS into ATC

This section considers the interference from MsS into ATC
for the forward band usage of frequencies. There are two
possi bl e interference scenari os:

1. MSS Terminal transmitter into Base Station
recei ver at L-band.

2. MSS Spacecraft transmtter into ATC term na
recei ver at S-band.

1.3.1 WMS Terminal Transmitter into Base Station Receiver

An MSS term nal transmitter operating on the sane
frequency as a base station receiver would represent a
significant source of interference for the ATC base station. MsS
termnals typically operate at nmuch higher transmt powers than
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terrestrial ATC transmitters. A single MSS handheld term nal is
equivalent to 5 ATCtermnals, and a vehicular MsS termnal is
at hi gher power than the MSS handhel d term nal

Figure 1.9 illustrates the received interference |evel
for ATC base station receiver froman MS transmtter as a
function of separation distance. The gain of the MSS transmtter
i s higher above the horizon while a base station receiver is
di rectional bel ow the horizon. This analysis assunmes a transmt
gain of -3 dB for MSS term nal and receive gain of 17 dBi for
t he base station receiver. Also, transmt EIRP for a vehicul ar
M5S termnal is 30 dBmand for a handheld MSS term nal is 23
dBm The interference thresholds are from FCC Final Staff Report
for Spectrum Study of the 2500-2690 MHz Band

As shown in Figure 1.9, a single vehicular MSS termna
nmust be 7 kiloneters away fromthe terrestrial base station
before the interference is at an acceptable level, if the signal
level is equal to the base station receiver sensitivity for 1%
Frame Error Rate (FER). If the base station receiver is
operating at S/ (1+N) for 103 BER, then the MSS vehicul ar unit
can be 3 kmaway fromthe terrestrial base station. For a 5 km
separation distance, 10 vehicular units or 50 handheld units can
operate with an acceptable interference | evel for the base
station receiver operating at S/(1+N) for 10° BER For this
interference case, the received level fromthe MSS term nal at
the terrestrial base station is cal culated using the Hata nodel
which is given in | TU-R Recommendati on P.529-3. This nodel is
recogni zed as depicting typical propagation |oss for terrestrial
cellular systenms in dense urban areas.

Figure 1.9
Received Signal Level at ATC Base Station Receiver from MSS Terminal transmitter as a Function of Distance from the
Base Station (Hata Model)
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In the results shown in Figure 1-10, the received | eve
fromthe MSS termnal at the terrestrial base station is
cal cul ated using the Longley Rice propagation fromNTIA This
nodel is used to determ ne the coverage and attenuation
associated with terrestrial cellular systens.

As shown in Figure 1-10, a single vehicular MSS term nal
must be 23 kilonmeters away fromthe terrestrial base station
before the interference is at an acceptable level, if the signal
level is equal to the base station receiver sensitivity for 1%
FER |f the base station is operating at S/ (1+N) for 103 BER
then the MSS vehicular unit can be 9 kmaway fromthe
terrestrial base station. For a 16 km separati on di stance, 10
vehi cul ar units or 50 handheld units can operate with an
acceptable interference | evel for the base station receiver
operating at S/ (1+N) for 102 BER This inplies that there wll
be holes in the coverage beyond the coverage provided by an ATC
base station. A typical coverage for an ATC base station is
about 5 km From5 kmto 9 km an MSS term nal cannot be
activated due to the interference into ATC base station.

Figure 1-10
Received Signal Level at ATC Base Station Receiver from MSS Terminal transmitter as a Function of Distance
from the Base Station (Longley Rice Model)
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1.3.2 Spacecraft Transmitter into ATC Term nal Receiver

The power received froma spacecraft transmtter is not a
significant source of interference for an ATC term nal receiver
The receive power levels at an ATC ternminal receiver froma
spacecraft transmtter are at a nuch lower |evel as conpared to
a base station transmtter. The transmt power of the Spacecraft
transmtter is limted by the power flux density incident on the
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ground. The Power Flux Density (PFD) incident on the ground is
constrained to the foll owm ng mask according to the I TU Radi o
Regul ati ons:

pf diow 0 £qg€f£?5°
pfd = pfdiow+ 0.05(pfdn - pfdiow)( - 5) 5° < q £ 25°
pf dhi 25° < q £ 90°

where pfdiow = -126 dBW nf/ MHz
pfdn = -113 dBW nf/ M

The threshol d of acceptable interference is fromthe FCC
Final Staff Report on Spectrum Study of the 2500-2690 MHz Band
Figure 1-11 shows the received interference signal at ATC
term nal receiver froma spacecraft transmtter as a function of
user elevation angle of the ATC terminal. The anal ysis assunes
that the ATC terminal is in clear |line of sight of the
spacecraft. In the presence of shadow ng and fading, the

transmt power of the satellite will increase to mtigate the
ef fect of shadowi ng, but the effective power received by the ATC
termnal will remain the sanme. The receive gain of the ATC

termnal is assuned to be 0 dBi.

Figure 1-11
Received Signal Level at ATC Mobile Station Receiver from MSS Satellite Transmitter as a Function of
User Elevation
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The threshold is 7-23 dB greater than the interference produced
by an MSS spacecraft transmtter. This shows that ATC term nals
can tolerate the interference froman MSS transmtter.
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1.3.3 Summary of interference fromMS into ATC

Thi s anal ysis has | ooked at the problem of sharing
“forward” frequencies between an MSS system and the ATC. Two
interference cases on the effect of MSS transm ssion into ATC
wer e exam ned. ATC use of the MSS frequencies in the forward
direction results in interference froman MSS spacecraft into
the ATC term nal receivers and interference fromthe MSS
handsets into the ATC base station receivers.

The nost problematic case of interference is the one
caused by an MSS handset into a base station receiver. If the
ATC base station is operating at an S/ (1+N) for 10°° BER 10
vehi cul ar units or 50 handhel ds can operate at a distance of 5
kmfromthe ATC base station. The separation di stance increases
with an increase in the nunber of MSS termi nals. The foll ow ng
Tabl e 1-12 shows the separation distance in kmfor MSS
term nal s, using Hata and Longl ey-Ri ce propagati on nodels. The
ATC base station is assuned to be operating at an S/ (I+N) for
10°® BER in the fol |l owi ng anal ysis.

Table 1-12

Separation in
km

MSS term nal s Hat a |Longl ey

Mode [Ri ce Model

I

1 Vehicul ar 2.5 9
units

10 handhel ds 3 11
25 handhel ds 4 14
10 Vehi cul ar 5 16

units or 50
handhel ds

A nore detailed analysis, outside the scope of this report, is
required to calculate the density of the acceptabl e nunber of
MSS term nal s around the ATC base station for an acceptabl e
interference | evel.

The interference froman MSS transmitter into an ATC
termnal is of |esser concern as the interference threshold is
23 dB greater than the received signal which is limted by the
pfd mask fromthe |1 TU Radi o Regul ati ons.
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1.4 MSS Interference into | S-95 ATC

This section considers interference froman MSS system
into an ATC that uses IS 95 technol ogy. The characteristics
assuned for the terrestrial 1S-95 systemare shown in the
previous Table 1-5. It is worthwhile noting that |S-95 receivers
have hi gher interference thresholds than cdma2000 receivers.
Hence, the separation distance for acceptable interference from
MSS into ATC are slightly | ower than cdma2000 ATC.

1.4.1 MBS Termnal Transmtter into Base Station Receiver

Figure 1-13 illustrates the received interference |evel
at an ATC base station receiver froman MSS transmtter as a
function of separation distance. The gain of the MSS transmtter
i s higher above the horizon while the base station receiver is
di rectional below the horizon. This analysis assunes transmt
gain of -3 dB for MSS term nal and receive gain of 19 dBi for
base station receiver. The transmt EIRP for a vehicular MSS
termnal is 30 dBm and for handheld MSS termnal is 23 dBm The
interference thresholds are cal cul ated based on |1S-97A and | S-
98A m ni mum performance standards for terrestrial nobile station
and base station respectively.

As shown in Figure 1-13, a single vehicular MSS term nal
must be 5 kiloneters away fromthe terrestrial base station
before the interference is at an acceptable level, if the signal
Il evel is equal to the base station receiver sensitivity for 1%
FER. If the base station is operating at a S/(1+N) for a 1% FER
then the MSS vehicular unit can be 2 kmaway fromthe
terrestrial base station. For a 4 km separation distance, 10
vehi cul ar units or 50 handheld units can operate with an
acceptable interference | evel for the base station receiver
operating at a S/I(I1+N) for a 1% FER. For this interference case,
the received level fromthe MSS termnal at the terrestrial base
station is cal culated using the Hata nodel given in ITUR
Recomendati on P.529-3. This nodel is recognized as depicting
typi cal propagation loss for terrestrial cellular systens in
dense urban areas.
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Figure 1-13
Received Signal Level at ATC Base Station Receiver from MSS Terminal transmitter
as a Function of Distance from the Base Station (Hata Model)
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In the results shown in Figure 1-14, the received |evel
fromthe MSS termnal at the terrestrial base station is
cal cul ated using the Longl ey-Ri ce propagati on nodel which is
used by FCCin the Part 24 rules. This nodel is used to
determ ne the coverage and attenuati on associated with
terrestrial cellular systens.

As shown in Figure 1-14, a single vehicular MSS term nal
must be 16 kilonmeters away fromthe terrestrial base station
before the interference is at an acceptable level, if the signal
level is equal to the base station receiver sensitivity for 1%
FER |If the base station is operating at a S/(I+N) for a 1% FER
then the MSS vehicular unit can be 6 kmaway fromthe
terrestrial base station. For a 12 km separati on di stance, 10
vehi cul ar units or 50 handheld units can operate with an
acceptable interference |l evel at the base station receiver
operating at a S/(I1+N) for a 1% FER This inplies that there
will be holes in the coverage beyond the coverage provided by
the ATC base station. A typical coverage for an ATC base station
is about 5 km From5 kmto 6 km an MSS term nal cannot be
activated w thout causing interference into the ATC base
station.
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Figure 1-14
Received Signal Level at ATC Base Station Receiver from MSS Terminal transmitter as a Function of Distance
from the Base Station (Longley Rice Model)
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1.4.2 Spacecraft Transnmitter into ATC Term nal Receiver

The power received froman MSS spacecraft transmtter is
not a significant source of interference for an ATC term nal
receiver. The receive power |levels at an ATC term nal receiver
froma spacecraft transmtter are at a nuch |ower |evel as
conpared to a base station transmtter. The transmt power of
t he spacecraft transmtter is limted by the power flux density
i ncident on the ground. The PFD incident on the ground is
constrained to the foll ow ng nmask according to the I TU Radi o
Regul ati ons:

pfd = pfdjow+ 0.05(pfdn - pfdiow)( g - 5) 5° < q £ 25°
pf dni 25° < q £ 90°
wher e pfdiow = -126 dBW nf/ Mz

pfdn = -113 dBW nf/ M

The interference thresholds are cal cul ated based on I S
97A and | S-98A m ni num performance standards for terrestrial
Mobi | e stations and base stations, respectively. Figure 1-15
shows the received interference |level at the ATC term na
receiver froma spacecraft transmtter as a function of user
el evation angle of the ATC term nal. The anal ysis assunes t hat
the ATCtermnal is in clear line of sight of the spacecraft. In
t he presence of shadowi ng and fading, the transmt power of the
satellite will increase to mtigate the effect of shadow ng, but
the effective power received by the ATC termnal will renmain the
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same. The receive gain of the ATC terminal is assumed to be 0
dBi .

Figure 1-15
Received Signal Level at ATC Mobile Station Receiver from MSS Satellite Transmitter as a Function of User
Elevation
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The threshold is 10 to 23.7 dB greater than the interference
produced by MSS spacecraft transmtter. This shows that ATC
termnals can tolerate the interference from MSS spacecraft

transmtters.

1.4.3 Summary of Interference fromMS into ATC Using | S-95

The follow ng Table 1-16 summarizes the results of the
interference analysis perforned to consider co-frequency usage
bet ween MSS and ATC using |1S-95 technol ogy. The Tabl e al so
conpares the performance of 1S 95 and cdna2000 ATC conponents.
As seen from Tabl e 1-16, |1S-95 receivers have higher
interference threshol ds than cdnma2000 receivers, hence, the
separation distance for acceptable interference fromMsS into
ATC is slightly lower than for ATC using cdnma2000.
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Summary of

Tabl e 1-16

Interference Effects fromMsS i nto ATC

Cdnma2000

IS 95 A

MSS Ter m nal
Transmitter into ATC
Base Station

Recei ver

Separ ation di stance
for 10 vehi cul ar
units (Hata Model)
is 5 km

Separ ation di stance
for 10 vehi cul ar
units (Longl ey-Rice
Model ) is 16 km

Separ ati on di stance
for 10 vehi cul ar
units (Hata Model)
is 4 km

Separ ati on di stance
for 10 vehi cul ar
units (Longl ey-Ri ce
Model ) is 12 km

MBS Spacecr af t
Transmtter into ATC
Ter m nal Recei ver

I nterference
threshold is 7 - 23
dB hi gher than the
recei ved signa

I nterference
threshold is 10 -
23.7 dB higher than
the received signa
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2.0 Frequency Sharing through Dynam ¢ Frequency Assi gnnent

2.1 | nt roducti on

As shown in Section 1, ATC transmtters can interfere
with MSS receivers (both at the MSS term nal and at the
satellite). MSS termnal transm ssions can interfere with ATC
base station receivers. However, through careful frequency and
power coordination, ATC service and MSS service can use and re-
use the sanme spectrum

MSS term nal into ATC base station interference and ATC
base station into MSS termnal interference can be mtigated
t hrough dynam c frequency control of the MSS frequencies and ATC
frequenci es as expl ained bel ow. Basically, ATC receives its own
bl ock of spectrumin regions around ATC base stations. The MSS
service will not use the sanme frequency channels that are
assigned to the ATC service in the regions near ATC base
stations. The frequency assignnment is dynam ¢ and managed
according to total demand, peaking periods, geographic
distribution of termnals, fixed versus nobile usage, etc. As
expl ained in greater detail below, dynam c frequency assi gnnent
requi res the MSS operator be the ATC operator.

The ATC term nal transm ssions are sonewhat nore
conplicated to coordinate. The satellite -- regardless of the
| ocation of the ATC termnal -— receives the ATC term na
transm ssions. On average, the ATC term nal transm ssion’s power
| evel received at the satellite is one-tenth of the power of an
MSS termnal’s power level. Up toalimt, the ATC term nal
“uses” the capacity of the satellite channel even though the
termnal is comunicating wth the ATC base station through CDVA
interference sharing as proposed for MSS only users in the Big
LEO Negoti at ed Rul emaki ng proceedi ng. So, the MSS and ATC
service can use the same return link frequencies in the sane
region as long as the nunber of sinultaneous ATC term na
transm ssi ons does not degrade the capacity of the MSS service.

Interference mtigation of ATC transmitters into MSS receivers

2.2 ATC transmitter interference into MSS satellite receiver

In the forward band sharing operation, a fairly small
nunber of *“uncoordinated” ATC handsets (tens to hundreds) wthin
a G obalstar satellite return link (L-band) beam can produce
unacceptable interference to the MSS spacecraft receiver.
However, when coordinated (i.e., the MSS operator is also
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operating the ATC service), the nunber of ATC handsets can be
bet ween 500 and 1000. In this case, an entire d obal star
satellite MSS beamw ||l encounter interference that will render
MBS service inoperable at the ATC frequencies. Due to the
over |l appi ng beans of the d obal star constellation, nmuch of the
M5S frequency area lost with the victimbeamis recovered by
nei ghboring satellites. This is because often the nei ghboring
satellites have beam footprints that interleave with sone of the
victimbeam s area, but do not intersect wwth an ATC
interference source. The difference between the cal cul ations
done in Section 1.1.6 and the statenents above is that in
Section 1.1.6 the ATC and MSS operators are different. Here the
operator is the sanme which allows for proper coordination

bet ween the ATC service and the MSS servi ce.

In Figure 2-1 below, a sinulation of d obal star coverage
over the Continental U S. (CONUS) is shown. Seven satellites are
observed as having antenna footprints that serve a portion of
CONUS. For each satellite, all of the 16 G obal star return |ink
beans are depicted. ATC service is assuned in ten of the npst
popul ous cities in CONUS, plus Washington, DC, and are shown as
bl ack dots on the map. Each beam of the seven satellites that
serves a portion of CONUS and does not contain one of the ATC
cities is shaded blue. This area represents all of the area over
CONUS that could be served by the entire MSS L-band spectrum
assigned to G obal star. The areas shaded in pink represent
regi ons of beans that contain at | east one ATC interference
source within them and are thus regions in which ATC
interference renders the frequenci es unavail able to MSS servi ce.
It is inportant to note that in order to service the blue
regions with full spectrum MSS service, and to properly and
optimally serve the MSS users in the pink regions, the satellite
operator nust have know edge of the dynam c satellite beam
footprints, the ATC frequencies, and the ATC base station
| oadi ng on a nearly instantaneous basis.

The | and area and geonetry of the regions affected by ATC
interference to the satellite receiver is very dynamc. This can
be observed in Figure 2-2, which is a simlar analysis of the
constellation at a different point in tinme. However, the tine
varying geonetry is calculable in advance as the function of the
G obal star 48-satellite Wal ker constellation dynam cs and the
return |ink beam definitions. The dynam c nature of regions that
can and cannot be served by all MSS frequenci es mandates a ti ght
and conti nuous coordi nation between the MsSS and ATC frequency
channel s, which nust be perfornmed by a single operator to
maxi m ze spectrum efficiency and avoid interference.
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2.3 Enhancenment to spectrum efficiency via dynam c ATC
frequency assignnents

| f the MSS-ATC operator can dynamically assign multiple
ATC frequencies in the MSS band, additional rural areas can have
access to the full MSS spectrum avail able. Existing algorithns
all ow the MSS operator to exploit the beamand city geonetry to
maxi m ze spectrumefficiency. As an exanple, it can be shown
that there are always tinmes where two beans fromtwo different
satellites overlap in a rural region, while the extremties of
the two beans serve two separate, individual ATC cities or
clusters of ATC cities. In these cases, the service provider
coul d select distinct ATC frequencies for the two beans. In the
regi ons where the beans overlap, the ATC frequency not found in
one beam would be found in the other beam thus this rural
region reclainms the full MS bandw dth. The dynani c nature of
this algorithm adds conplexity, as the MSS-ATC provider nust
dynam cally alter ATC frequencies anong the ATC cities in an
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opti mal manner. This task coul d not be acconplished unl ess the
MSS and ATC operator are one and the sane. Figure 2-3 represents
t he sane constellation position as shown previously in Figure 2-
1. In this case, green and purple dots represent ATC city

| ocations in which separate ATC frequenci es are deployed, while
the bl ack dot cities represent either set of frequencies. The
yel | ow regi ons represent areas restored to full MSS spectrum
availability using this algorithm Figure 2-4 shows the
constellation six mnutes later, illustrating the rate at which
t he frequency assignnents nust be conputed and i nposed.

03/08/02] ]
Constellation: Globalstar 48 Sats~p<$-"

0170142000
UTC 00:06:18
Real Time 9:1

Figure 2-3. Regions of CONUS with full MSS spectrumrecovered
with freguency assignnent algorithm—- Tine 1
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2.4 ATC transmtter interference into a MSS term nal receiver

In the forward band shari ng node of operation,
interference froman ATC base station to an MSS term na
receiver is significant for separations of less than 5 kmfor
cdma2000 and less than 7 kmfor IS-95A. To mtigate this
interference in regions near the borders of ATC and MSS servi ce,
know edge of the MSS term nal receiver |ocation and know edge of
the locations of all ATC base stations would allow the systemto
coordi nate which frequencies or which system (satellite or
terrestrial) the term nal should optimally be using. The
d obal star systemcurrently uses position determ nation during
the MSS term nal registration process. This could be augnented
with terrestrial position location information. In the event an
MBS term nal was attenpting MSS service within an ATC base
station’s serving area, the termnal could be directed to obtain
service terrestrially, or alternatively to use non-ATC
frequencies for MSS. Note that the size of the base station
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interference zone to the MSS term nal woul d be dynam ¢ dependi ng
upon ATC | oadi ng, which woul d be known by the operator of an

i ntegrated MSS-ATC system Logic within the term nal would all ow
it to transition back to the MSS service should the ATC service
not be found.

Interference mtigation of MSS transmtters to ATC receivers

2.5 MBS satellite transmtter interference into an ATC
term nal receiver

In the forward band sharing node of operation, the MSS
satellite operates on the sane frequencies as the ATC term nal
receiver, and is thus a potential source of interference. As
shown in Section 1.3.2, the level of this interference is
significantly lower than the interference threshold for the ATC
recei ver, even assumng a clear line of sight fromthe ATC
termnal to the MSS satellite. This analysis shows that a
mtigating strategy is not required.

2.6 MBS terminal transmtter interference into an ATC base
station receiver

In the forward band sharing node of operation, the MSS
termnal transmits in the ATC base station receive frequencies.
An analysis of this case is detailed in Section 1.3.1, where it
was shown that the interference threshold to the base station is
reached when 50 MSS terminals operate at a distance of 5 kmfrom
the ATC receiver. Reciprocally, the ATC base station transmtter
signal is received as interference to the MSS term nal receiver
The use of position |ocation would preclude the use of ATC and
MSS terminals in such proximty, thus mtigating MS
interference to the ATC receiver. An integrated MSS-ATC system
could make use of the nunbers and |ocations of all MSS users in
a geographic region in assessing both frequency allocations and
type of service to initiate.
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3.0 I nt erference Considerations in the Coordination of
Frequency Sharing with the Ancillary Terrestri al
Conponent of Mobile Satellite Service Systens into O her
CDVA MSS Operators

This section considers the coordi nati on bet ween CDVA MSS-
ATC operators with whom d obal star is spectrum shari ng.

3.1 M5S to MBS Service Link Coordi nati on

G obal star uses the bands 1610-1621.35 MHz and 2483. 5-
2500 WHz for its service uplink and downlink, respectively.
These bands are al so planned to be used by other CDVA MSS
systens such as Constellation. To ensure equitable utilization
of these bands by all MSS systenms enpl oying COMA, intersystem
coordi nation i s necessary.

Recommendation | TU-R M 1186, Techni cal Consi derations for
t he Coordinati on Between Mbile Satellite Service (MS) Networks
Utilizing Code Division Multiple Access (CDMA) and ot her Spread
Spectrum Techni ques in the 1-3 GHz Band, recommends seven
paraneters to be considered for the coordination of CDVA MSS
systens:

1) Downl i nk spectral power flux density (pfd),

2) Aggregate uplink EIRP spectral density over a
speci fi ed geographical area,

3) Pol ari zati on,

4) Frequency reuse approach,

5) Code structure and associ ated cross-correl ation
properties,

6) Ant enna beam patterns, and

7) Signal burst structure (if applicable).

G obal star has used these paraneters in the past to coordinate
with the other Big LEO systens, and will continue to use these
paranmeters in the future. The first two are the nost inportant
ones and require detailed coordination. Successful coordination
bet ween CDVA MSS operators can be achi eved using these seven
paranmeters. Wen the MSS operators offer ATC service as well,
these are still the paraneters to be used for coordination. In
fact, all the paraneters and the coordination of all the
paranmeters remain the same except one, the aggregate uplink ElRP
spectral density over a specified geographic area. This
paranmeter will be discussed bel ow.

When Above 1 GHz MSS operators using CDVA offer ATC
service in the sane band, they will continue to share the entire
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al | ocated band for MSS service. A coordinated portion of the
band will be allocated for MSS only (no ATC service allowed by
any operator). This is to ensure that MSS service can be

provi ded anywhere and everywhere.

If there were no MSS-only portion of the band and a
certain operator did not roll out ATC in a particular region and
all the other operators did roll out ATC, it mght not be
possi ble for the MSS-only operator to offer MSS in that ATC
region due to the interference scenari os descri bed above.

3.2 ATC Service Coordination with O her ATC Service

For multiple MSS operators to offer ATC service, the ATC
frequenci es have to be coordi nated per geographic region. The
near-far problemis too large in terrestrial service for
providers to use the sane frequencies in the same geography.

Ther ef ore, MSS- ATC operators have to coordi nate ATC
service by segnenting the spectrum per geographic region. Each
operator w |l have dedi cated ATC spectrumin a given region. The
M5S service fromall operators will re-use the spectrumin non-
ATC regi ons.

3.3 ATC Service Coordination with G her MSS Service

To coordi nate ATC service between two MSS operators, the
operators will have to coordinate, specifically, which
frequencies ATC is using in which geographic region.

As shown in Section 1, the ATC base station transm ssions
interfere with the MSS term nal receiver on the sanme frequency
when the MSS terminal is relatively close to the ATC base
station. Also, as shown in Section 1, the MSS satellite
transm ssions do not interfere with the ATC term nal. Therefore,
an MSS operator can offer MSS service in a region where anot her
MBS operator has rolled out ATC service as long as the MSS
operator uses different frequencies than the ATC service is
using. If the operators have coordi nated ATC frequencies, the
MBS operator will be able to offer MSS service in an area in
whi ch anot her MSS operator has rolled out ATC service.

In the forward direction, in those areas where none of
t he MSS- ATC providers have rolled out ATC service, the conplete
band is shared for MSS service. The MSS operators do not concern
t henmsel ves with forward downlink beans using the sane
frequenci es that another ATC operator uses in an overl apping
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area because, as stated above, the MSS satellite does not
interfere with the ATC term nal receiver

Return link frequency coordination is required as well.
As shown in Section 1, the MBS termnal transm ssions interfere
with the ATC base station receiver when relatively close to the
base station and the ATC term nal transm ssions interferes with
the MSS satellite receiver whenever the MSS satellite has a beam
in view of the ATC terni nal

To mtigate the MSS termnal’s interference into another
operator’s ATC base station, an MSS operator can offer MSS
service in an area where another MSS operator has rolled out ATC
service as long as the MSS operator uses different frequencies
than the ATC service is using. If the other operator’s ATC
frequenci es are known in advance (which coordination would
require), the MSS operator will be able to offer MSS service in
an area in which another MSS operator has rolled out ATC
service. In this way, the MSS term nal transm ssions will not
interfere wwth the ATC base station receiver

To mtigate the ATC terminal’s interference into another
operator’s satellite receiver, coordination is required as
explained in Section 2. This means that the full MSS spectrum
can be used for MSS services in those regions where beans
overl ap; the ATC frequencies fromeither operator not found in
one beam would be found in the other beam There will be cases
where the ATC frequencies of the sane MSS operator will be able
to be used but not the ATC frequencies used by another MSS-ATC
operator (and vice versa).

In regions where the satellite beans view many ATC
termnals and there is no beam overlap, only the non-ATC
frequenci es can be used for MsS.

To coordinate the interference at the MSS satellite
recei ver, the aggregate uplink EIRP spectral density over a
speci fied geographic area will be used. This EIRP spectra
density includes the EIRP from ATC term nals as well as MsS
termnals. In those areas where no ATC service is offered, the
MSS operators will coordinate a value (presumably the sane val ue
for each operator) that is acceptable for MSS operations. In
t hose regi ons where an MSS- ATC operator offers ATC service, the
aggregate uplink EIRP spectral density for that operator will be
hi gher for the spectrumin which ATC service exists. In those
regi ons where ATC service is offered by anot her MSS-ATC
operator, the aggregate uplink EIRP spectral density for the MsS
operator will be lower for the spectrumin which other
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operator’s ATC service exists. Figure 3.1 depicts the EIRP
spectral density limts over a geographic area.

| |
1610.0 System System MSS only 1621.35
ATC ATC

Figure 3-1. Exanple EIRP Density to Coordinate MSS and ATC
Oper ati ons

3.4 Summary and Concl usi ons

At | east two CDVA MSS- ATC operators can coordi nate MS
and ATC services in the L-band and S-band Bi g LEO spectrum The
sane considerations would apply if two or nore CDVA MSS- ATC
operators were to share spectrumin the 2 GHz MSS band. The MSS
service is coordinated as outlined in Recommendation I TU-R
M 1186, Techni cal Considerations for the Coordi nati on Between
Mobile Satellite Service (MSS) Networks Utilizing Code Division
Mul ti pl e Access (CDVA) and ot her Spread Spectrum Techni ques in
the 1-3 GHz Band.

The ATC and MSS services are coordi nated by band
segnenting and by setting appropriate aggregate uplink EIRP
spectral density limts over a specified geographical area. The
El RP spectral density limts include the EIRP from ATC term nal s
as well as MSS term nals. Each MSS-ATC operator has to have
conplete information of the ATC regions and frequenci es used by
t he ot her MSS-ATC operators.
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4.0 Interference fromATC into O her Services

Thi s section expl ains how an Above 1 GHz MSS system can
manage i nterference fromATC term nals into other services. The
ot her services are Radio Astronony (in-band), Iridium (out-of-
band), GPS (out-of-band), and GLONASS (out-of-band). There are
three possible interference scenari os:

ATC Term nal transmtter into Radi o Astronony
recei ver (i n-band)

ATC Terminal transmitter into Iridium
recei ver (out-of-band)

ATV Term nal transmtter into GPS/ GLONASS
recei vers (out-of-band)

4.1 ATC Terminal Transmitter into Radi o Astronony Receivers

The CDVA MSS uplink spectrum overlaps with the Radio
Astronony Service (RAS) spectrum The FCC adopted rules for
sharing with RAS (47 C.F.R § 25.213(a)), and, recently,

d obal star and the National Science Foundation (NSF),
representing the interests of the U S radio astronomers, signed
a technical operational coordination agreenent covering the
1610. 6-1613. 8 MHz segnent of L-band (the overl appi ng spectrun).
Spectral density limts and radi o exclusion zones are used to
l[imt G obalstar termnal transm ssions into RAS. The radio

excl usion zone size is set according to either the user term nal
EIRP for in-band channels or the user term nal out-of-band

em ssions for channels that are above the RAS.

G obal star’s ATC terminals will be designed with the sane
out - of - band em ssion specifications as the current d obal star
MSS term nals. The exclusion zones for ATC will be inplenented
by the placenent of ATC base stations. ATC base stations with
i n-band channel assignnments will be placed at the appropriate
di stance from Radi o Astronony sites as will ATC base stations
(albeit it closer to the RAS sites) with channel assignnents
that are not in-band to the Radi o Astronony spectrum

In short, to protect Radi o Astronony spectrumfrom

interference, @ obalstar will use the sane coordi nati on
met hodol ogi es for its ATC service as d obal star does for MSS.
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4.2 ATC Terminal Transmitter into Iridi um Receiver

A obal star and Iridium have coordi nated t he out - of - band
em ssions between the systens at L-band to limt the out-of-band
em ssions from d obalstar termnals into Iridiunis spectrumto
coordi nated val ues. G obal star ATC termnals wll be specified
with the sanme requirenents for out-of-band em ssion as the
G obal star MSS termnals. Therefore, the d obal star ATC
termnals’ interference into Iridiumwll be |limted to the
current coordi nated val ues.

4.3 ATC Terminal Transmtter into GPS/ GLONASS Recei vers

In the NPRMin | B Docket 99-67,' the FCC has proposed
technical rules to limt out-of-band em ssions for MSS termnals
to, anong ot her things, protect Aeronautical Radi onavigation
Satellite (GPS/ GLONASS). These proposed rules are simlar in
al nost all respects to | TR Recomrendati on M 1343. { obal star
supports the Comm ssion’s proposed limts, and d obal star’s MSS
term nal s have been tested and type-approved to neet these
l[imts. Gobalstar’s ATCtermnals will be specified with the
sanme requirenents for out-of-band em ssions as d obal star’s MSS
termnals. Accordingly, the ATCtermnals’ interference into
GPS/ GLONASS wi Il be Iimted to the current proposed val ues.

4.4 1.6 GHz Band Services Sunmary and Concl usi ons

A obal star will use the sane coordi nation techni ques and
met hods for its ATC service as d obal star does for its MS
service. Interference fromATC to other services will be held to
the sane limts as interference from d obal star MSS. The
A obal star ATC term nal specifications will have the sane
requi rements for out-of-band em ssions that the G obal star MSS
term nal already have. ATC base stations will be placed in
coordination with other services so that interference is limted
to acceptable | evels.

4.5 Interference into Adjacent Band | TFS and MVDS

This section studies the potential for interference due
to ATC base station transmtters into | TFS/ MVDS services
operating in 2500-2690 MHz band. ATC base station transmtters
will be operating in S-band from 2483.5 to 2500 MHz band, using
1.25 MHz channel s. The hi ghest frequency (Channel 13) that ATC

1 Amendnent of Parts 2 and 25 to I nplenent G obal Mobile Personal

Conmruni cations by Satellite (GWCS) Menorandum of Under st andi ng and
Arrangenents, 14 FCC Rcd 5871 (1999).
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base station w |

in 2500-2690 MHz Band,

operate will

be 2498.535-2499.765 MHz with a
guard band of 0.235 MHz. The FCC staff’s report,
i ncl udes findings of potential

Spect rum St udy
3G base

station interference into | TFS/ MVDS recei vers and the guard band

required to mtigate such interference.

The val ues for

interference protection are shown in the follow ng Tables 4-1
and 4-2. G obalstar’s ATC base stations would be designed to
conformw th these val ues.

Table 4-1: Planning Factors for Guard Band

to Protect | TFS/MDS Response Station Receivers
fromATC Transmitters
Quantity Val ue Comrent
M d-frequency of 2500- 2595 Mz Arithmetic nean for

2690 Band

estimati on of antenna
aperture areas

Gai n of Receiving

Factor of 100,

See §21.902(f)(3) and

Ant ennas of Response or 20 dBi 874.937(a).

St ati ons

Ant enna Aperture of 0.106 nt (wavel ength)? * (gain) /
Recei vi ng Systens (4p)

Desired Signal Strength -83 dBWfor 6 See 821.902(f)(6)(iii).

for Response Stations on
Peri phery of Protected
Service Area

MHz channel s

Desi red Power Fl ux
Density for Response
Station on Periphery of
Protected Service Area

-73 dBWnt for
6 MHz channel s

Val ue cal cul ated fromthat
given in 821.902(f)(6)(iii)
and antenna aperture of

0. 106 nft.

Desi red-t o- undesi red 0 dB See 821.902(f)(6)(iv) and
Signal Ratio (DU for 874.739(d) (3)(v).

Adj acent - channel

I nterference

Power Flux Density of -73 dBWnt for DUratio of O dBwth no

Adj acent —channel
Undesi red Signal s Causing
Harnful Interference

6 MHz channel s

guard band

Response Station Receiver
(TV) Interference

Rej ection Characteristic
attai nabl e by Geater
Frequency Separati on

40 dB per ME

FCC Laboratory neasurenents
of television receivers

Power of 3G Transmtters

Maxi mum of
1.64 kWEIRP

Base station power

dom nates all guard band
consi derati ons because
nobi | e power is |ess.

38




Tabl e 4-2: Planning Factors for Guard Band

to Protect

| TFS/ MDS Hub Recei vers

from ATC Transmtters

Quantity Val ue Conmrent
Transm tter Power of Maxi mum 18 dBW | See 821.909(g)(3). 18 dBW
Response Stations (source |EIRP for 125 is approximtely 63 W

of | TFS/ MDS desired

kHz channel s

si gnal s)
Desi red Power Fl ux -88 dBWntf for |63 watts EIRP from
Density at | TFS/ MDS Hub 125 kHz response station
channel s transmtter 35 mles away
Maxi mum Undesi r ed -88 dBW nt per 0 dB DU ratio assuned
Adj acent - channel Power 125 kHz
Flux Density at | TFS/ MDS
Hub
Interference Immunity 40 dB per ME Assuned on basis of
Attai nable by Geater typi cal spectrum em ssion
Frequency Separation mask requirenments for 3G
transmtters and adjacent -
channel rejection
capabi lity of hub
receiver.
Power of 3G Transmitters Maxi mum of Base station power
1.64 KWEIRP dom nates all guard band

consi der ati ons because
nobi | e power is |ess.

4.6

2.5 GHz Band Services Summary and Concl usi ons

The FCC staff’s report describes findings for 3G base
station transmtters with 27 dBW (500 watt) EIRP. These fi ndi ngs
were applied to the ATC base station assunmed to be 3G (i.e.,

cdma2000) .

The separation di stance and the guard band for ATC

base stations with 10 dBWEIRP were cal cul ated using the sane
formula. These results are shown in Table 4-3. As seen in Table
4-3, a 2 MHz guard band is sufficient to reduce the |evel of

interference froman ATC base station transmtter
an ATC base station can operate in

an ATC base station with transmt EIRP 10 dBW
13 with a guard band of 0.235 MHz, a

accept abl e | evel.
Channel s 1-11. For
oper ati ng on Channel

Hence,

to an

separation distance of 30 kmis required. For an ATC base

station operating on Channel

12 with an additi onal

1.23 Mz

guard band, a separation distance of 0.1 kmis required. An ATC

base station with 27 dBW ElI RP cannot operate in Channel
12 with a separation distance of 0.74 km

can operate in Channel

13, but

St andard Fi xed Service coordi nati on procedures may be used by
MBS- ATC and | TFS/MVDS to avoid interference.
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Tabl e 4-3

Cal cul ation of Separation Distances,

Guard Band Anal ysis Based on Interference Power

The
di st ance
| TFS/ MDS
| TES/ MDS

The

40 dB reducti on of

i n Adj acent or

ATC Base Station to

required separation for adjacent channels (zero-w dth guard band)
needed to reduce the ATC EIRP to an acceptable power flux density at the

receiver.
adj acent channel

required separation for guard bands of greater width is determ ned by all ow ng
interfering power per

The latter

at a | evel

is determ ned as the anobunt which woul d be recei ved
to the desired signal

equal

WMHz of guard band.

| TES/ MNDS

Near by Channel s

s the

(D'U = 0 dB).

in the

ATC System Paraneters

| TFS/ MDS System
Par anet er s

Requi red Separation (km

Maxi mum
Desired Accept abl e
Si gnal |Bandwi dt h| 3G Power | Adj acent Band
Power FI ux Channel s | Guard | (MHz) | Wdth
Modul ati on| ElI RP [Bandwi dt h|Pr ot ect ed|[Bandwi dt h| Density Fact or Density [(No Guard
Type (dBW (kHz) Recei ver (kHz) (dBW n2) (dB) (dBW n2) Band) 0.5 1

CDVA 27 1250 Hub 125 -90 10 -100 161| 16.1 1.6 0.0
CDVA 27| 3750 125 -90 15 -105 161 16.1 1.6 0.0
W CDVA 27| 5000 125 -90 16 -106 161 16.1 1.6 0.0
TDVA 27 30 125 -90 -6 -84 100| 10.0 1.0 0.0
TDMVA 27| 200 125 -90 2 -92 161 16.1 1.6 0.0
CDVA 27 1250| Response 6000 - 67 -7 - 60 6.3 0.6 0.1 0.0
CDVA 27| 3750( Station 6000 - 67 -2 - 65 11.2 1.1 0.1 0.0
W CDVA 27| 5000 6000 - 67 -1 - 66 12.6 1.3 0.1 0.0
TDVA 27 30 6000 - 67 -23 -44 1.0 0.1 0.0 0.0
TDVA 27| 200 6000 - 67 -15 -52 2.5 0.3 0.0 0.0
CDVA 10 1250 Hub 125 -90 10 -100 89 8.9 0.9 0.0
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ATC System Paraneters

| TFS/ MDS System
Par anet er s

Requi red Separation (km

Maxi mum
Desired Accept abl e
Si gnal |Bandwi dt h| 3G Power | Adj acent Band
Power FI ux Channel s | guard | (MHz) | Wdth
Modul ati on| EI RP |Bandwi dt h(Pr ot ect ed|Bandwi dt h| Density Fact or Density |(No Guard
Type (dBW (kHz) Recei ver (kHz) (dBW n2) (dB) (dBW ) Band) 0.5 1 2

CDVA 10 3750 125 -90 15 -105 159| 15.9 1.6 0.0
W CDVA 10 5000 125 -90 16 -106 161 16.1 1.6 0.0
TDVA 10 30 125 -90 -6 -84 14 1.4 0.1 0.0
TDVA 10 200 125 -90 2 -92 36 3.6 0.4 0.0
CDMVA 10 1250| Response 6000 -67 -7 - 60 0.9 0.1 0.0 0.0
CDVA 10 3750| Station 6000 - 67 -2 - 65 1.6 0.2 0.0 0.0
W CDVA 10 5000 6000 -67 -1 - 66 1.8 0.2 0.0 0.0
TDVA 10 30 6000 -67 -23 -44 0.1 0.0 0.0 0.0
TDVA 10 200 6000 -67 -15 -52 0.4 0.0 0.0 0.0

41




5.0 Applicability of Part 24 Rules to ATC

Part 24 of the FCC Rul es contains requirenents and
restrictions for terrestrial Personal Conmunications Services
(PCS). Much of the material in Part 24 deals with service areas,
frequency band segnentation, conpetitive bidding for the
spectrumto be used for these services and |icense processing
rules. In addition, a significant anmount of material deals with
t he coordination of PCS operation with Fixed Service operation
and, where necessary, the relocation of Fixed Service
facilities. These aspects of Part 24 would not have a bearing on
the Ancillary Terrestrial Conmponent of MSS (ATC). What may be
germane to ATC are the technical standards contained in Part 24.
These include frequency of operation, power limts and permtted
antenna hei ghts, out-of-band em ssion limts, type acceptance
requi renents, antenna marking requirenments, radiation hazard
requi renents and conpliance with the Conmuni cati ons Assi stance
for Law Enforcenent Act (CALEA)

ATC is proposed to be used in all of the existing MS
allocations. In the case of G obal star these bands are 1610-
1621. 35 MHz and 2483.5-2500 MHz for the current system and
portions of the 1990-2025 MHz and 2165-2200 MHz bands for the
pl anned 2 GHz MSS system

ATC power and antenna height limts would have to be
consistent with the efficient sharing of frequencies between ATC
and the satellite conponent of MSS. Study would be required to
determ ne these limts.

G obal star termnals are currently required to neet the
limts given in dobal star USA's current bl anket handset |icense
(E970381) which are simlar to those found in ITUR
Recommendation M 1343. It is believed that these limts are
sufficient to insure that ATC handsets do not cause interference
to adj acent services. The out-of-band em ssion requirenents for
base stations would be derived based on the interference
requi rements of adjacent services.

Exi sting d obal star handsets have been type accepted and
this procedure would al so be a requirenent for ATC handsets and
base stations. Simlarly, the existing G obal star handsets neet
radi ati on hazard requirenments and these requirenents would al so
have to be net by ATC handsets and base stations. ATC base
stations antenna marking requirenents woul d be the sane as those
for PCS base station antennas.
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G obal star currently conplies with CALEA requirenments at
its existing gateway termnals. It is reasonable to expect that
current and future CALEA requirenments woul d al so be net by the
ATC system

Concl usi ons

These technical comments have exam ned whether or not the
operations of nobile satellite services (MSS) in the “Big LEC
MBS bands can be “severed” fromterrestrial operations in each
band. It has been shown that it is not possible to “sever”
satellite and terrestrial operations. Unacceptable |evels of
interference would occur between the two conmponents thereby
reduci ng the efficiency of the spectrum usage.

Coordi nati on of frequency usage by the MSS entity woul d
allow the effective sharing of the frequencies between the ATC
and MSS on a dynam ¢ basis thus enhancing flexibility and
spectrum efficiency. In order to prevent unacceptable
interference and maintain flexibility, it is critical that
coordi nation of the use of frequencies in an ATC regi ne be
carried out by only one entity. In light of the dynamc
frequency control required by MSS systens, it is nost
appropriate for the MSS operator to coordinate the usage of the
frequenci es used for ATC. Integrated MSS-ATC operations woul d
not cause any increase in interference to other services.
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Engineering Certification

[ hereby certify under penalty of perjury that 1 am the technically
qualified person responsible for preparation of the engineering information
contained in the foregoing “Response to FCC Public Notice DA 02-554"; that |
am familiar with the information contained therein; and that such information
is true and correct to the best of my knowledge and belief.

Signed this 22nd day of March 2002,

Sadt i A

David E. Weinreich
Spectrum Manager
(ilobalstar, L.P.




